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AssTrRACT.—Introduced American bullfrogs (Rana catesbeiana) come in contact with native
amphibians on four continents and are well established in lowlands of western North
America. To date, research on the effects of introduced bullfrogs on native frogs has focused
on competition and predation, and is based largely on larval interactions. We present
observations of interspecific amplexus between bullfrogs and two native ranid frogs (R. aurora
and R. pretiosa) from six sites across the Pacific Northwest that imply that this interaction is
more widespread than currently recognized. Our observations indicate that R. calesbeiana
juveniles and subadults in this region are of appropriate size to elicit marked amplectic
responses from males of both native species. Our literature review suggests that greater
opportunity may exist for pairings between R. catesbeiana and native R. aurora or R. pretiosa
than among syntopic native ranids in western North America. We hypothesize that
interspecific amplexus with introduced R. catesbeiana could result in reproductive in-
terference with negative demographic consequences in native ranid populations that have
been reduced or altered by other stressors.

INTRODUCTION
Accelerating human-assisted introductions continue to redistribute species beyond their
native ranges and bring formerly allopatric species into contact (Elton, 1958; Vitousek et al.,
1996: Mack et al., 2000). The American bullfrog (Rana catesbeiana) is among the dramatic
examples of this pattern. Rana catesbeiana is native to much of eastern North America
(Wright and Wright, 1949; Conant and Collins, 1991). As a result of human introductions,
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R. catesbeiana is established in parts of the Caribbean (Mahon and Aiken, 1977), Europe
(Lanza, 1962; Stumpel, 1992), Japan (Telford, 1960) and Latin America (Flores-Nava, 2000),
and is now common in many lowland areas of western North America (Bury and Whelan,
1984; Jennings and Hayes, 1985; Richter and Azous, 1995). Introduced R. catesbeiana can
impact native ranid frogs directly through competition and predation (Kupferberg, 1997;
Lawler et al., 1999; Pearl et al., 2004) and indirectly by increasing native species’ susceptibility
to other predators (Kiesecker and Blaustein, 1998). Hence, the expansion of R. catesbeiana
within its introduced range and concurrent losses of native anurans have generated concern
about the role of R. catesbeiana in amphibian declines in western North America (e.g., Hayes
and Jennings, 1986; Doubledee et al., 2003).

To date, research on the effects of Rana calesbeiana on native amphibians has focused
strongly on larval interactions (Kupferberg, 1997; Kiesecker and Blaustein, 1998; Lawler
et al., 1999; Adams, 2000; Kiesecker et al, 2001; but see Pearl et al, 2004). One
uninvestigated interaction is the potential for breeding interference between adult native
ranid frogs and introduced R. catesbeiana. High adult fecundity and larval survivorship often
result in high densities of juvenile R. catesbeiana in their introduced western range (Cohen
and Howard, 1958; MPH and CAP, unpubl. data). Many western ranids (including R. aurora
and R. pretiosa) are explosive breeders, often completing oviposition in fewer than 7-14 d in
early spring (Storm, 1960; Licht, 1969 a, b). Available data suggest R. aurora and R. pretiosa
exhibit prolonged amplexus relative to their abbreviated breeding seasons (Licht, 1969a;
Nussbaum et al., 1983), a mate-guarding behavior associated with many explosive breeding
ranids (Wells, 1977, Howard, 1980). In the absence of other behavioral isolating
mechanisms, potential exists for male native ranids to amplex with young R. catesbeiana
rather than female conspecifics. Any negative population effects of interspecific pairings are
of particular concern for R. pretiosa, which is extirpated from >70% of its historic range and
rarely persists with R. catesbeiana (Hayes, 1997; Pearl et al., 2004).

Here, we present observations of interspecific amplexus between introduced Rana
catesbeiana and the native western North American ranid frogs, R. aurora and R. preliosa, to
suggest an uninvestigated but potentially direct, non-predatory impact of introduced R.
catesbeiana: reproductive interference. We compile published observations of interspecific
amplexus involving native ranids in western North America to develop a basis for proposing
this hypothesis and suggest conditions under which the negative demographic effects of
reproductive interference might be expected.

METHODS AND SITE DESCRIPTIONS

With one exception (a Rana pretiosa-R. catesbeiana pair from Crosswater, Oregon, that
preceded R. pretiosa breeding by about 10 wks), all our observations of interspecific
amplexus were made at native ranid reproductive sites during the breeding interval for the
native frog species. Eight of our 18 R. pretiosa—R. catesbeiana pairings and three of four R.
aurora—R. catesbeiana pairings were of free-ranging frogs within breeding habitat used by the
native species (Table 1). We made our observations of free-ranging frogs during visual
surveys for native ranid egg masses or reproductive activity. The remaining observations
(nine R. pretiosa—R. catesbeiana and one R. aurora-R. calesbeiana pairings) were of frogs
captured in submerged crayfish traps. Traps were set within 130 m of R. pretiosa breeding
sites in water 9-80 cm deep. We checked traps every 1-2 d. With one exception [Ankeny
National Wildlife Refuge, Oregon (ANWR)], all observation sites support breeding pop-
ulations of R. catesbeiana and at least one of R. aurora or R. pretiosa. The site at ANWR is
a small temporary pond where R. aurora breed, but R. catesbeiana do not; R. catesbeiana breed
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TaBLE 1.—Observations of interspecific amplexus between native ranid frogs and introduced bullfrogs
in northwestern North America. The clasping (upper) frog is listed first for each pair. Length is to
nearest 1 mm; mass is to nearest 1 g. (—) is data lacking. Localities are by State/Province, County (in
US), Site

Species Sex Length Mass Locality" Date

R. pretiosa Male 63 25 OR, Deschutes, Crosswater 14 Jan. 2002
R. catesbeiana® Juvenile 73 —
R. pretiosa Male 57 18 OR, Deschutes, Crosswater 20 Mar. 2003

P
R. catesbeiana® Juvenile 64 —
R. pretiosa Male 56 16 OR, Deschutes, Crosswater 18 Mar. 2004
R. catesbeiana” Juvenile 60 21
R. pretiosa Male 58 18 WA, Klickitat, CLNWR 20 Mar. 1997
R. catesbeiana Female 69 26
R. pretiosa Male 63 21 WA, Klickitat, CLNWR 25 Mar. 1997
R. catesbeiana Female 73 33
R. pretiosa Male 65 28 WA, Klickitat, CLNWR 13 Mar. 1998

R. pretiosa Male 65 27

R. pretiosa Male 62 23

R. pretiosa — — —

R. pretiosa — — i

R. catesbeiana Female 105 115
R. pretiosa Male 55 16 BC, MDA 07 Mar. 2000
R. catesbeiana™* Juvenile 61 32
R. pretiosa Male 54 16 BC, MDA 07 Mar. 2000
R. catesbeiana™  Juvenile 52 29
R. pretiosa Male 55 16 BC, MDA 05 Apr. 2001
R. calesbeiana™ Juvenile 46 25
R. pretiosa Male 59 20 BC, MDA 14 Apr. 2002
R. catesbeiana™  Juvenile 62 37
R. pretiosa Male 50 12 BC, MDA 15 Apr. 2002
R. catesbeiana™* Juvenile 60 34
R. pretiosa Male 64 23 BC, MDA 04 Apr. 2003
R. catesbeiand”* Female 67 52
R. pretiosa Male 45 13 BC, MDA 09 Apr. 2003
R. catesbeiana™® Juvenile 58 36
R. aurora Male 62 — OR, Marion, ANWR 27 Feb. 2003
R. catesbeiana Female 84 —
R. aurora Male 59 19 OR, Multnomah, Burlington 25 Feb. 1998

Bottoms
R. catesbeiana Female 81 42
R. aurora Male 56 16 OR, Multnomah, Sandy River 22 Feb. 1997
Delta

R. catesbeiana Male 74 32
R. aurora Male 51 15 BC, MDA 03 Mar. 2000
R. catesbeiand”* Female 65 38

“ State/Provinces are British Columbia (BC), California (CA), Oregon (OR) and Washington (WA).
Site abbreviations are in METHODS AND SITE DESCRIPTIONS

" Pair found in submerged crayfish trap

¢ Bullfrog deceased

4 Table excludes 5 Rana pretiosa—R. catesbeiana pairs for which we lack size measurements: 4 pairs from
CLNWR (20, 25 Mar. 1997 and 13, 14 Mar. 1998; all free-ranging frogs; 1 R. calesbeiana near death, other
3 alive) and 1 pair from MDA (09 Mar. 2000; captured in trap; R. catesbeiana alive)



2005 PEARL ET AL.: RANID BREEDING BEHAVIOR 129

in a permanent pond ca. 0.3 km away. Two sites [Maintenance Detachment Aldergrove,
British Columbia (MDA) and Conboy Lake National Wildlife Refuge, Washington
(CLNWR)] support breeding populations of R. catesbeiana, R. aurora and R. pretiosa.

We measured size [snoutvent length (SVL)] of captured frogs to the nearest mm, and
mass to the nearest gram. For Rana pretiosa—R. catesbeiana partners, we used a Wilcoxon
signed-rank test with corrections for ties (S-Plus 2000, MathSoft, Inc.) to compare SVL and
mass of clasping (upper) and clasped (lower) frogs. We used a one-tailed test because
breeding males are usually smaller than breeding females in western ranids, including
R. aurora and R. pretiosa (Licht, 1969b, 1975; Nussbaum et al., 1983). We excluded SVL
and mass data from the multiple-male R. pretiosa—single R. catesbeiana amplectic group as we
were unable to measure all attendant R. pretiosa. Due to small sample size, we did not statis-
tically compare partner sizes for R. aurora—R. catesbeiana pairs. Mean frog SVL and mass
are expressed as x * 1 sp.

RESULTS
RANA PRETIOSA—RANA CATESBEIANA PAIRINGS

We made 18 observations of Rana pretiosa—R. calesbeiana amplexus at one site each in
southwestern British Columbia (MDA; n = 8 pairs; Table 1), central Washington (CLNWR;
n =7) and central Oregon (Crosswater; n = 3). In every case, the clasping partner or
partners were R. pretiosa. In one case at CLNWR, we recorded five R. pretiosa clasping
partners. All identified clasping partners (n = 16) were male R. pretiosa. Except for one
subadult (105 mm SVL) female R. catesbeiana, all partners being clasped were juvenile
R. catesbeiana < 80 mm SVL. Based on SVL, partners being clasped were significantly larger
than their clasping partners (Z=-2.397, P=0.008, n=12). Partners being clasped averaged
5.5 £ 6.2 mm longer than clasping partners (R. catesbeiana being clasped Xgyr, = 62.1 = 8.0
mm, range: 46-73 mm; clasping R. pretiosa Xsy;, = 56.6 * 5.5 mm, range: 45-64 mm). Only
two juvenile R. calesbeiana (both from MDA) were shorter then their clasping partners. Based
on mass, partners being clasped were also significantly larger than their clasping partners
(Z=—-2.752, P =0.003, n=10), averaging 15.4 = 7.5 g heavier than their clasping partners
(R. catesbeiana being clasped Xppass = 32.5 * 8.6 g, range: 21-52 g; clasping R. pretiosa Xyass =
17.1 * 3.4 g, range: 12-23 g).

Seven of the eight Rana catesbeiana in interspecific pairings with R. pretiosa from MDA were
dead. One of three R. catesbeiana from R. pretiosa pairings (the free-swimming pair) at
Crosswater was also dead. We observed no bloating or fungal growth typical of older
carcasses on any dead R. catesbeiana. One of the seven R. catesbeiana at CLNWR was
moribund and seemed near death; the other six were alive, seemingly healthy. All R. pretiosa
clasping partners appeared to be in good condition.

RANA AURORA—RANA CATESBEIANA PAIRINGS

We report new observations of Rana aurora—R. catesbeiana amplexus (n =1 pair at each
site) from three sites in western Oregon and one in southwestern British Columbia (Table
1). The clasping partner was a male R. aurora in all four cases. The partners being clasped
were all juvenile R. catesbeiana <85 mm SVL and were uniformly longer and heavier than
their clasping partner. Based on SVL, partners being clasped averaged 19.0 = 3.8 mm longer
than their clasping partners (R. calesbeiana being clasped xsy;, = 76.0 = 8.4 mm, range:
65-84 mm; clasping R. aurora xgy;, = 57.0 = 4.7 mm, range: 51-62 mm; n = 4). Based on
mass, partners being clasped averaged 20.6 = 4.0 g heavier than their clasping partners
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(R. catesbeiana being clasped Xy.s = 37.3 £ 5.0 g, range: 32—42 g; clasping R. aurora Xyjass =
16.7 = 2.1 g, range: 15-19 g; n=3).

One of the four Rana catesbeiana paired with R. aurora (MDA) was dead, but lacked fungus
and was not bloated. All clasping R. aurora appeared to be in good condition.

DiscussioN

Confirmation of interspecific amplexus in anurans through direct field observations or
genetic analysis of field-captured individuals is generally sparse (but see Green, 1985 and
single cases listed below). Our observations confirm the occurrence of interspecific
amplexus between each of two native ranids, Rana aurora and R. pretiosa, and introduced
R. catesbeiana, and suggest that this behavior is geographically more widespread than
previously recognized. We report the first observations of R. pretiosa-R. catesbeiana pairings.
Single R. aurora—R. catesbeiana pairs have been reported from western Oregon (Storm, 1952)
and southwestern British Columbia (Orchard, 1999). The only other reports of amplexus
between native western ranids and introduced R. catesbeiana are those of Lind et al. (2003),
who observed two cases of R. boylii-R. calesbeiana pairings from California. Reports of other
interspecific pairings among ranid frogs in western North America are limited to four cases
involving native species: R. aurora (male)-R. pretiosa (female; Licht, 1969a), R. luteiventris—
R. pipiens (Ross et al., 1994), R. cascadae-Bufo boreas (Brodie, 1968) and B. boreas—R. aurora
(Brown, 1977). Collectively, the paucity of observations implies that less restriction may exist
on pairings between R. catesbeiana and native R. aurora or R. pretiosa than among syntopic
native ranids in western North America.

Size differences may contribute to reproductive isolation among other syntopic anurans
(Blair, 1941; Mecham, 1961). However, our observations confirm that juvenile and young
adult Rana catesbeiana in the Pacific Northwest are of the appropriate size to elicit amplexus
from native male R. aurora and R. pretiosa. Rana catesbeiana observed in amplexus with native
frogs in this study (46-105 mm) are similar in size to sympatric adult female R. aurora and
R. pretiosa (55-96 mm; Licht, 1974; Nussbaum et al., 1983). The frequency of juvenile and
young adult R. catesbeiana in amplexus (all observations for which we were able to measure
R. catesbeiana) may reflect a particularly suitable size of those younger age classes, their
earlier seasonal emergence than adults (Willis ez al., 1956), or both. In the Pacific Northwest
and California, R. catesbeiana generally transform at 35-5b mm after spending 0-2 winters
as larvae and can reach 70-75 mm by the end of their first summer (Cohen and Howard,
1958; JB and CAP, pers. obs.). The impressive abundance of R. catesbeiana in lowland breed-
ing sites within the range of R. pretiosa and R. aurora is of particular concern because
availability of conspecifics relative to heterospecifics has been shown to affect conspecific
amplexus frequency and reproductive success among syntopic native ranids (Hettyey and
Pearman, 2003).

Prolonged amplexus in explosive-breeding anuran males is likely to represent one type of
mate-guarding behavior, and may increase the likelihood that the male will reproduce
successfully with conspecific females (Wells, 1977). Selection for mate-guarding is thought
to be strong in species with breeding systems where availability of females is brief and
competition for mates among males is high (Parker, 1974; Wells, 1977). Rana aurora and R.
pretiosa appear to fit this pattern of prolonged amplexus within their abbreviated breeding
seasons. For example, in spring 2004, we held 22 R. pretiosa pairs in traps at oviposition sites
within 10 km of Crosswater. We checked traps every 1-2 d; frogs in traps were individually
marked or weighed and were reexamined at the conclusion of the experiment. These R.
pretiosa maintained amplexus for an average of 4.9 d (from placement in traps to oviposition
date), and 1 pair remained in amplexus for 14 d before oviposition (JB and CAP, pers. obs.).
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Most (>75%) of these pairs were in amplexus when we first intercepted them moving
toward breeding sites, so these data conservatively estimate amplectic duration. Similarly,
the single field-captured R. aurora (male)—R. pretiosa (female) pair reported by Licht (1969a)
remained in amplexus for >3 d in the lab. Another field-caught R. aurora male, despite
separation from its R. catesbeiana partner during transit, resumed and maintained amplexus
in the lab for >3 d (Storm, 1952). Extended amplexus has also been documented in R.
luteiventris (the sister taxon of R. pretiosa; Green et al., 1996), including field-collected pairs
that remained in amplexus for 4 d (Svihla, 1935) and 6.5 d (Turner, 1958) in the laboratory.

Amplectic grip strength of male Rana aurora and R. pretiosa is appreciable, and once
paired, males do not readily relinquish partners (Licht, 1969a, b; Nussbaum et al., 1983).
Female R. aurora and R. pretiosa often have abrasions and scarring behind their arms as
a result of the clasping of amplectic males (Storm, 1952; JB, RDH, MPH and CAP, pers.
obs.). One R. catesbeiana clasped by a male R. aurora had 3-mm pectoral abrasions that had
“penetrated to subdermal muscle” (Storm, 1952; p. 108). Wells (1977; p. 672) noted that
“selection for female guarding probably also explains the tenacity of males holding onto
dead females, bits of floating debris, and other inappropriate objects”. Male R. aurora have
been found in amplexus with apples and salamanders (Storm, 1960; Nussbaum et al., 1983),
and males of both native species will vigorously clasp rulers and observers’ digits before and
during the breeding season (JB, RDH, MPH and CAP, pers. obs.).

The exceptional grip strength of male Rana aurora and R. pretiosa may be linked to the
high proportion of dead R. calesbeiana in our observations. Other factors potentially linked
with the high proportion of dead R. catesbeiana include weakened condition upon
emergence from overwintering, or that sexually immature R. catesbeiana (a prolonged rather
than an explosive breeding species; Wells, 1977; Howard, 1978) may be less able to carry
a clasping partner for extended periods without energetic costs. Eight of the 10 dead or
moribund R. calesbeiana in amplexus with both native ranids were in traps, so it is also
possible that trapping was related to mortality of clasped R. catesbeiana.

We hypothesize that reduced or demographically altered populations of explosive-
breeding native ranids that co-occur with sizeable Rana catesbeiana populations are most
likely to be affected by reproductive interference via interspecific amplexus. Our
observations suggest that the presence of introduced R. calesbeiana has potential to reduce
numbers of native male ranids available to couple with conspecifics during their abbreviated
breeding periods. Direct reproductive interference would result if amplectic pairings were
of sufficient frequency and duration to remove male natives from the local breeding pool.
Some large breeding populations of western ranids, including R. aurora, appear to be
strongly male-biased (Briggs and Storm, 1970; Calef, 1973). Ecologically relevant
interference may be rare in native ranid populations with an abundance of breeding
males. However, R. pretiosa populations that were considered female-biased or gender-
balanced have been reported from British Columbia (Licht, 1974) and Washington
(McAllister et al., 2004), respectively. All else being equal, relatively fewer males in the latter
population types should increase the potential for interspecific amplexus and breed-
ing interference with negative demographic consequences. In addition, other inter-
actions between native ranids and R. catesbeiana, as well as between native ranids and
introduced warmwater fish (frequently associated with bullfrogs in modified western wetlands;
Adams et al.,, 2003), are likely to alter native population size and demographics (Licht,
1974; Kiesecker and Blaustein, 1998; Lawler e al., 1999). Data on the frequency of inter-
specific amplexus relative to intraspecific breeding are needed to clarify the poten-
tial for reproductive interference as R. calesbeiana continue to expand their non-native
range worldwide.



132 THE AMERICAN MIDLAND NATURALIST 154(1)

Acknowledgments.—Observations were made during research supported by the Hooter Fund II of the
Oregon Community Foundation (JB), the Canadian Wildlife Service (RDH), Canadian Department of
National Defence (RDH), Environment Canada’s Interdepartmental Recovery Fund (RDH), World
Wildlife Fund Canada (RDH), the Oregon Zoo Foundation (MPH), the Oregon Department of Fish
and Wildlife (MPH), the U.S. Department of Interior’s Amphibian Research and Monitoring Initiative
(CAP) and the Washington Department of Fish and Wildife (MPH). We thank Sunriver Resort, LLP.,
Canadian Department of National Defence, US Fish and Wildlife Service (USFWS) and Oregon Dept. of
Fish and Wildlife (ODFW) for access to study sites. M. J. Adams, R. B. Bury and R. L. Hoffman provided
reviews of earlier drafts of this manuscript. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use. Animals were handled under USFWS Special Use
Permits and Scientific Collecting Permits from ODFW, Washington Dept. of Fish and Wildlife, British
Columbia Provincial Ministry of Water, Land and Air Protection, and the Natural Resources Canada -
Environmental Sciences Advisory Committee.

LITERATURE CITED

Apawms, M. J. 2000. Pond permanence and the effects of exotic vertebrates on anurans. Ecol. App., 10:
559-568.

, C. A. PEARL AND R. B. BUry. 2003. Indirect facilitation of an anuran invasion by non-native fishes.
Ecol. Lett., 6:343-351.

Brar, A. P. 1941. Variation, isolating mechanisms, and hybridization in certain toads. Genetics 26:

398-417.

Briccs, J. L. AND R. M. STorM. 1970. Growth and population structure of the cascades frog, Rana cascadae
Slater. Herpelologica 26:283-300.

Brobig, E. D., Jr. 1968. Case of interbreeding between Bufo boreas and Rana cascadae. Herpetologica 24:86.

BrowN, H. A. 1977. A case of interbreeding between Rana aurora and Bufo boreas (Amphibia, Anura).
J. Herpetology 11:92-94.

Bury, R. B. anD J. A. WHELAN. 1984. Ecology and management of the bullfrog. US Department of the
Interior. Resource Publication 155. Washington, D.C. 23 p.

CaLEF, G. W. 1973. Spatial distribution and “effective” breeding population of red-legged frogs (Rana
aurora) in Marion Lake, British Columbia. Can. Field Nat., 87:279-284.

ConeN, N. W. axnp W. E. Howarp. 1958. Bullfrog food and growth at the San Joaquin Experimental
Range, California. Copeia, 1958:223-225.

ConaNT, R. AND J. T. CoLrins. 1991. A field guide to reptiles and amphibians: eastern and central North
America. Houghton Mifflin, Boston, Massachusetts. 450 p.

DousLepeg, R. A., E. B. MuLLER AnD R. M. Nisper. 2003. Bullfrogs, disturbance regimes, and the
persistence of California red-legged frogs. J. Wildl. Management 67:424-438.

ELToN, C. S. 1958. The ecology of invasions by animals and plants. Methuen and Co., London, UK. 181 p.

FLORES-NAVA, A. 2000. Bullfrog Rana catesbeiana farming in Latin America: an overview. World Aquaculture
31:22-29.

GREEN, D. M. 1985. Natural hybrids between the frogs Rana cascadae and Rana pretiosa (Anura: Ranidae).

Herpetologica 41:262-267.

, T. F. SHARBEL, J. KEARSLEY AND H. KAISER. 1996. Postglacial range fluctuation, genetic subdivision
and speciation in the western North American spotted frog complex, Rana pretiosa. Evolution
50:374-390.

Haves, M. P. 1997. Status of the Oregon spotted frog (Rana pretiosa sensu stricto) in the Deschutes Basin
and selected other systems in Oregon and northeastern California with a rangewide synopsis of
the species status. Final report prepared for The Nature Conservancy under contract to the
U.S. Fish and Wildlife Service, Portland, Oregon. 57 p. + appendices.

Haves, M. P. AND M. R. JENNINGS. 1986. Decline of ranid frog species in western North America: are
bullfrogs (Rana catesbeiana) responsible? J. Herpetology 20:490-509.

Herrvey, A. aNp P. B. PrarMAN. 2003. Social environment and reproductive interference affect
reproductive success in the frog Rana latastei. Behav. Ecol., 14:294-300.




2005 PEARL ET AL.: RANID BREEDING BEHAVIOR 133

Howarp, R. D. 1978. The evolution of mating strategies in bullfrogs, Rana catesbeiana. Evolution 32:
850-871.
. 1980. Mating behavior and mating success in wood frogs, Rana sylvatica. Anim. Behav., 28:
705-716.
JENNINGS, M. R. AND M. P. Haves. 1985. Pre-1900 overharvest of California red-legged frogs (Rana aurora
draytonii): The inducement for bullfrog (Rana catesbeiana) introduction. Herpetologica 41:94-103.

KIESECKER, J. M. AND A. R. BrauvstemN. 1998. Effects of introduced bullfrogs and smallmouth bass on
microhabitat use, growth, and survival of native red-legged frogs (Rana awrora). Cons. Biol.,
12:776-787.

Kiesecker, J. M., A. R. Bravsten anp C. L. MiLLer. 2001. Potential mechanisms underlying the
displacement of native red-legged frogs by introduced bullfrogs. Ecology 82:1964-1970.

KUPFERBERG, S. J. 1997. Bullfrog (Rana catesbeiana) invasion of a California river: the role of larval
competition. Ecology 78:1736-1751.

Lanza, B. 1962. On the introduction of Rana ridibunda Pallas and Rana catesbeiana Shaw in Italy. Copeia,
1962:642-643.

LawLER, S. P., D. Dritz, T. STRANGE AND M. HoLvoak. 1999. Effects of the introduced mosquitofish and
bullfrogs on the threatened California red-legged frog. Cons. Biol., 13:613-622.
Lichr, L. E. 1969a. Comparative breeding behavior of the red-legged frog (Rana aurora aurora) and the
western spotted frog (Rana pretiosa pretiosa) in southwestern British Columbia. Can. J. Zool.,
47:1287-1299.
. 1969b. Unusual aspects of anuran sexual behavior as seen in the red-legged frog, Rana aurora
aurora. Can. J. Zool., 47:505-509.
. 1974. Survival of embryos, tadpoles and adult frogs, Rana aurora aurora and Rana pretiosa pretiosa,
sympatric in southwestern British Columbia. Can. J. Zool., 52:613-627.
. 1975. Comparative life history features of the western spotted frog, Rana pretiosa, from low- and
high-elevation populations. Can J. Zool., 53:1254-1257.
Linp, A. J., J. B. BETTASO AND S. M. YARNELL. 2003. Rana boylii (Foothill yellow legged frog) and Rana
catesbeiana (Bullfrog). Reproductive behavior. Herpetol. Rev., 34:235.

Mack, R. N., D. SIMBERLOFF, W. M. LoNsSDALE, H. Evans, M. CLouT AND F. A. Bazzaz. 2000. Biotic invasions:
causes, epidemiology, global consequences, and control. Ecol. Appl., 10:689-710.

MaHoN, R. anp K. AIkeN. 1977. The establishment of the North American bullfrog, Rana catesbeiana
(Amphibia, Anura, Ranidae) in Jamaica. J. Herpetology 11:197-199.

MecHAM, J. S. 1961. Isolating mechanisms in anuran amphibians, p. 24-61. In: W.F. Blair (ed.).
Vertebrate speciation: a University of Texas symposium. University of Texas Press, Austin. 642 p.

MCALLISTER, K. R., J. W. WaTsoN, K. RISENHOOVER AND T. McBRIDE. 2004. Marking and radiotelemetry of
Oregon spotted frogs (Rana pretiosa). Northwestern Naturalist 85:20-25.

Nusspaum, R. A., E. D. BRODIE, JR. AND R. M. STORM. 1983. Amphibians and reptiles of the Pacific
Northwest. University of Idaho Press, Moscow. 332 p.

ORCHARD, S. A. 1999. The American bullfrog in British Columbia: the frog who came to dinner, p. 289—
296. In: R. Claudi and J. H. Leach (eds.). Nonindigenous freshwater organisms: vectors,
biology, and impacts. Lewis Publishers, Boca Raton, Florida. 464 p.

PARKER, G. A. 1974. Courtship persistence and female-guarding as male time-investment strategies.
Behaviour 48:157-184.

Prart, C. A., M. J. Apams, R. B. BURY AND B. MCCREARY. 2004. Asymmetrical effects of introduced bullfrogs
(Rana calesbeiana) on native ranid frogs in Oregon, USA. Copeia, 2004:11-20.

RicHTER, K. O. AND A. L. Azous. 1995. Amphibian occurrence and wetland characteristics in the Puget
Sound basin. Wetlands 15:305-312.

Ross, D. A., D. W. KUEHN AND M. C. STANGER. 1994. Rana pretiosa (Spotted frog). Reproduction. Herpetol.
Rev., 25:118.

StorM, R. M. 1952. Interspecific mating behavior in Rana aurora and Rana catesbeiana. Herpetologica,
8:108.

. 1960. Notes on the breeding biology of the red-legged frog (Rana aurora aurora). Herpetologica,
16:251-259.




134 THE AMERICAN MIDLAND NATURALIST 154(1)

StumpeL, A. H. P. 1992. Successful reproduction of introduced bullfrog Rana catesbeiana in northwestern
Europe: a potential threat to indigenous amphibians. Biol. Cons., 60:61-62.

Svinia, A. 1935. Notes on the western spotted frog, Rana pretiosa pretiosa. Copeia, 1935:119-122.

TELFORD, S. R., JR. 1960. The American bullfrog, Rana catesbeiana, in Japan. Copeia, 1960:155.

TURNER, F. B. 1958. Life-history of the western spotted frog in Yellowstone National Park. Herpetologica
14:96-110.

Vitousek, P. M., C. M. D'antonNiO, L. L. LooPE AND R. WESTBROOKS. 1996. Biological invasions as global
environmental change. Amer. Scientist 84:468-478.

WELLs, K. 1977. The social behavior of anuran amphibians. Anim. Behav., 25:666-693.

WiLLss, Y. L., D. L. MoyLE AND T. S. BASKETT. 1956. Emergence, breeding, hibernation, movement, and
transformation of the bullfrog in Missouri. Copeia, 1956:30—41.

WRIGHT, A. A. AND A. H. WRIGHT. 1949. Handbook of frogs and toads of the United States and Canada.
3rd ed. Comstock Publ. Co. Ithaca, N.Y. 640 p.

SuBmITTED 28 APRIL 2004 AcCEPTED 12 NOVEMBER 2004



